Surveying sterically demanding N-heterocyclic carbene ligands with restricted flexibility for palladium-catalyzed cross-coupling reactions.
Heterocyclic carbenes (NHCs), especially monodentate ones, have become the ligand of choice for many transition-metal-catalyzed transformations. They generally form highly stable complexes, have strong sigma-donor character, and have a unique shape that can be used to generate sterically demanding ligands.In this Account, we survey recent developments in the design and synthesis of some sterically demanding NHCs with a particularly strong influence on the metal's coordination sphere. We show the successful and insightful application of these ligands in transition-metal catalysis. First, we discuss methods for determining and classifying the electronic and steric properties of NHCs. In addition, we present data on the most important NHC ligands.The selective variation of either electronic or steric parameters of NHCs, and therefore of the catalyst, allows for the optimization of the reaction. Thus, we prepared several series of differentially substituted NHC derivatives. However, because the substituents varied were not directly connected to the carbene carbon, it was difficult to induce a large electronic variation. In contrast, an independent variation of the ligands' steric properties was more straightforward. We highlight three different classes of very sterically demanding NHCs that allow this kind of a steric variation: imidazo[1,5-a]pyridine-3-ylidenes, bioxazoline-derived carbenes (IBiox), and cyclic (alkyl)(amino)carbenes (CAAC).These latter NHC ligands can facilitate a number of challenging cross-coupling reactions. Successful transformations often require a monoligated palladium complex as the catalytically active species, and the sterically demanding NHC ligand favors this monoligated complex. In addition, the electron-rich NHC facilitates difficult oxidative addition steps. Moreover, the conformational flexibility of the ligands can facilitate the formation of catalytically active species and hemilabile interactions, such as agostic or anagostic bonds, as well as stabilize coordinatively unsaturated catalyst species. The increasing level of understanding of the role of NHC ligands in transition-metal catalysis will soon allow the design of even more sophisticated ligand systems.